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a b  s  t  r a  c t
We  assess the  relationship  between  changes in hospital  length  of stay  (LoS)  and hospital
quality,  as  measured  by  28-day  emergency  readmission.  We  estimate regression  models
to analyse LoS  and other  factors  associated  with readmission  for  all those admitted  for  hip
replacement  (n  =  496,334),  hernia  repair (n =  413,712)  or  following  a stroke (n  =  480,113)
in England  between 2002/3 and 2007/8. There  were reductions in LoS over  time  while
changes  in crude  readmission  rates  varied  by  condition. Given  the  high  mortality  rate  for
stroke, it is critical to account for  the  probability  of surviving the  initial  admission  when
evaluating  readmissions. Conditional upon survival,  the  probability  of readmission  was
greater for  stroke patients  who  originally  had  a shorter  LoS  and  for  hernia  patients who
had an  overnight  stay  but  there is  no  relationship  between LoS and readmission for  patients
who  had  hip  replacement. The evidence  does not generally suggest  that  reductions  in LoS
were  associated  with  an increased  probability  of emergency readmission.
©  2015  Elsevier  Ireland Ltd. All rights  reserved.
1. Introduction
Concerns have been voiced that pressure for  hospitals
to reduce length of stay (LoS) may  have adverse conse-
quences on the quality of care  experienced by patients.
The “quicker and sicker” argument posits that if patients
are discharged prematurely, in a  less stable condition, they
are at greater risk of subsequent readmission to  hospital.
Various studies have explored the relationship between
LoS and readmission, most famously that by  Kosecoff et al.
who found some evidence to support the “quicker and
sicker” argument following the introduction of prospec-
tive payment for Medicare patients in the United States [1].
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Evidence from later studies is not definitive: some finding
no relationship [2,3],  others that reductions in  LoS were
associated with increased readmissions [4],  and another
that longer LoS was  associated with higher readmission [5].
To guard against adverse consequence of premature dis-
charge, some jurisdictions penalise hospitals with higher
than expected readmission rates [6,7].  This requires tak-
ing account of the characteristics of patients that  might be
related to the probability of readmission. Such predictive
factors include the patient’s functional status, presence of
co-morbidities, the type of procedure performed, whether
there were post-operative complications [8,9]; measures
of socioeconomic status, such as poverty, education level,
housing and marital status [10,11]; and organisational
characteristics of the local health-system [12].  But in  a
systematic review of risk prediction models for hospital
readmissions, most were found to  perform poorly [13],
which could be due partly to  the limited information in
routine administrative datasets.
http://dx.doi.org/10.1016/j.healthpol.2015.11.003
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Even with better risk-adjustment, readmission rates
have been criticised as a performance measure because
they are correlated with another commonly used mea-
sure of hospital quality, namely in-hospital mortality [14].
If hospitals are more successful at ensuring that patients
survive their initial admission, their readmission rates will
likely be higher because the average health status of their
survivors will be  lower than if those most at risk of death
had, indeed, died. In  view of this, Laudicella et al. argue
that readmission rates should be calculated conditional
upon the likelihood that patients survive the initial admis-
sion [14]. By the same token, the relationship between
LoS and readmission should also be estimated conditional
upon survival. Previous studies have not done this, thereby
potentially providing an inaccurate assessment of the rela-
tionship.
We  employ this analytical approach, and explore the
relationships between LoS, in-hospital mortality and read-
missions. We  focus on  patients admitted to hospitals with
one of three conditions, stroke (n = 480,113), hip replace-
ment (n = 496,334) and hernia repair (n =  413,712), chosen
because patients with these conditions differ markedly in
terms of their LoS, and mortality and readmission rates.
We  evaluate these relationships for all patients admitted to
English hospitals between the fiscal years 2002/3 through
to 2007/8. This was a period when hospitals were under
ever increasing pressure to reduce LoS, brought about by
the phased introduction of the English version of prospec-
tive payment known as Payment by  Results [15].  Receiving
a fixed payment – the national tariff – for each type of
patient treated, hospitals had stronger incentives to reduce
the average cost of care, the most obvious strategy being
to reduce LoS. Indeed, for all three conditions, there were
pronounced reductions in  LoS (or in the probability of stay-
ing overnight) over the period. We use 2002/3 as the first
study period because this is the year prior to the introduc-
tion of PbR. In our exploration of the relationships between
LoS, in-hospital mortality and readmissions we condition
on the proportion of hospital income received from PbR,
noting that other studies have found an association with
LoS but not with mortality or  readmission [16].
The remainder of the paper is organised as follows. In
Section 2 we detail the methods we  employ to explore the
relationships between mortality, readmission and LoS. Sec-
tion 3 provides details of the study dataset and Section
4 contains our empirical results. Section 5 discusses our
results and conclusions.
2. Methods and modelling approach
We  examine the relationship between LoS and emer-
gency re-admission within 28 days after discharge,
conditional on patients surviving their initial hospital stay.
Rather than study all patients admitted to hospital, we
focus on people admitted for stroke care, hip replacement
and hernia repair because they have very different baseline
LoS and mortality and re-admission rates.
The probability of in-hospital survival is  estimated as
a probit model. In  modelling the probability of readmis-
sion we follow Laudicella et al. [14] who recognise that
the likelihood of readmission is, in  part, a  reflection of the
survival rate associated with the initial admission. If patient
characteristics are not  perfectly observable and hospitals
differ in the quality of care they provide, then hospitals
with low mortality rates are likely to have a  larger share of
un-observably sicker patients at risk of a  readmission.
To address this, Laudicella et al. [14] estimate
Heckman’s bivariate sample selection model, with the
probability of readmission conditioned on survival. This
involves identifying variables that  explain the probability
of survival (the selection equation) but which are uncor-
related with the probability of readmission (the outcome
equation). Laudicella et al. note that mortality risk is  greater
during weekends and over long bank holiday periods (such
as at Easter and Christmas) because experienced nursing
and medical staff are less available [17].  But the day of
the original admission has no bearing on the probability
of readmission, this being dependent ‘. . .on  post-operative
care that can be provided more flexibly over a  long period
of time once survival has been assured.’ We adopt this iden-
tification strategy by including indicators of the admission
day in the survival model but not in the readmission model.
The bivariate sample selection model comprises two
equations. We first model the probability of patient i in  hos-
pital h at time t surviving the first admission, as a  function
of the latent propensity of surviving S∗
iht
S∗iht =∝ +ˇ1Xiht + ˇ2Diht +  Zht + Tt + ε1iht
Siht =
{
1 if S∗
iht
> 0
0 if  S∗
iht
≤ 0
where Xiht is a  vector of socio-economic, diagnosis and
treatment variables measured for each patient; Diht is  a  vec-
tor of dummy  variables reflecting the day of admission or
whether it occurred during Christmas, Easter or bank (pub-
lic) holidays; Zht is  a  vector of characteristics describing the
hospital, including teaching status, location and the pro-
portion of the hospital’s funding that was  subject to PbR; Tt
is a vector of year dummies (baseline 2002/3); and ε1iht is
random error assumed to take a bivariate standard normal
distribution and to  be  uncorrelated with the explanatory
variables.
We allow for correlation between ε1iht and the equiva-
lent error term ε2iht from the readmission equation, and
model readmission conditional upon the patient having
survived the original admission, assuming a latent propen-
sity of readmission R∗
iht
observed only when S∗
iht
> 0:
R∗iht =∝ +ˇ1LoSiht +  ˇ2Xiht + Zht + Tt +  uht + ε2iht
Riht =
{
1 if R∗
iht
>  0
0 if R∗
iht
≤  0
where LoSiht is vector of variables including the patient’s
LoS and LoS inter-acted with the year of admission, which
captures trends in  LoS over time. These models are  esti-
mated separately for the three conditions. If there is  no
evidence of sample selection, or the identification strategy
does not hold, the probability of readmission is  estimated
without having conditioned on  survival.
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3.  Data and sources
3.1. Patient-level variables
The estimation of the survival and readmission mod-
els requires the identification of: (i) those patients that
are admitted for each of the selected conditions; (ii)
those patients that die during their initial spell in hos-
pital; and (iii) those patients that are subsequently
re-admitted as emergencies within 28 days of their ini-
tial discharge from hospital (including those that occur
in subsequent fiscal years). We  follow the methodology
employed by the National Centre for Health Outcomes
Development (NCHOD) in  which cancer, chemotherapy,
learning disability, maternity, or  psychiatry are not  counted
as readmissions [18].
We  analyse data from the Hospital Episodes Statistics
(HES) database. This contains details of all NHS funded
patients admitted to  public and private hospitals and treat-
ment centres in England. On admission to hospital each
patient is assigned to the care of a specific consultant and
the records within the database are known as ‘consultant
episodes’. When a patient leaves the care of a  particular
consultant, their consultant episode becomes a ‘finished
consultant episode’ (FCE). A  multi-episode period of care
within the same hospital is known as a  spell of care. Each
patient’s record contains information about the patient,
including diagnoses, operative procedures and length of
stay.
Stroke patients are defined as those with a primary diag-
nosis of ICD-10 I61 (intracerebral haemorrhage), ICD-10
I63 (cerebral infarction) or  ICD-10 I64 (unspecified stroke).
Hip replacement patients are those with an OPCS4 primary
operative procedure of W37, W38, W39, W46, W47, W48,
W93, W94  or W95. Inguinal hernia patients are those with
a primary diagnosis of ICD-10 K40 and primary operative
procedure of T20 or  T21. We identify all  patients aged over
1 year admitted during six 12-month periods (for the six
fiscal years from 2002/3 to 2007/8 inclusive).
Length of stay is measured from the day of admission to
day of discharge inclusive. We  interact LoS with the year of
admission to capture underlying trends in LoS over time.
We use HES to  account for patient characteristics. Five
age categories reflect the quintile distribution for each
condition (the second category forms the baseline). A
dummy  variable captures the patient’s gender (1 =  male).
We include five Index of Multiple Deprivation (IMD 2004)
dummies to control for income deprivation associated with
the area in which the patient resides [19].  The 32,482 areas
of England were divided into five quintiles according to  the
proportion of the population experiencing income depri-
vation, with the first quintile containing the most income
deprived areas (the reference group).
We include a  dummy  variable to reflect whether the
patient had been admitted through the emergency depart-
ment, and two other dummies for whether the patient had
been transferred from or to another institution as part of
their care pathway. We  use the Charlson index [20,21] to
account for co-morbidities. Following Street et al. [22],  we
specify five of  the 17 Charlson comorbidities as ‘severe’,
these being renal disease, cancer, moderate or  severe liver
disease, metastatic solid tumour and AIDS/HIV [20,23]
(cerebrovascular disease and hemiplegia/paraplegia were
ignored for the stroke analyses as these diagnoses are
directly related to stroke itself). The other 12 Charlson
comorbidities are designated ‘non-severe’. We then define
a dummy  variable indicating whether the patient suffered
from a  single non-severe comorbidity and another dummy
variable indicating at least one severe or  two  non-severe
comorbidities.
For stroke patients, we account for a  secondary diag-
nosis for pneumonia (ICD-10 J13-J18, J69) [23].  Where
multiple diagnoses are recorded, we prioritise ICD-10 I61
(intracerebral haemorrhage) over both ICD-10 I63 (cere-
bral infarction) and ICD-10 I64 (unspecified stroke), and
I63 (cerebral infarction, used as the reference group) over
I64 (unspecified stroke). We also account for the presence
of a  secondary diagnosis of hemiplegia or  paraplegia (ICD-
10 G041, G114, G801, G802, G81, G82, G830, G831, G832,
G833, G834, G839), the number of different diagnoses and
the number of different procedures performed.
For patients having a  hip replacement, we  account for
whether they suffered a hip fracture, had a  partial hip
replacement or underwent a  revision procedure. For those
having hernia repair, we indicate whether or not it was a
bilateral repair, or a  laparoscopic repair, and whether or not
the patient had a  mesh implant to encourage skin growth;
we also assess whether such patients had a  diagnosis of
hypertension or connective tissue disorder.
Finally, in the survival model we account for the admis-
sion day of the week (baseline Saturday) and for admission
at Easter (Good Friday through to Easter Monday), at Christ-
mas  (on Christmas Day or Boxing Day) and on  any other
Bank Holiday.
3.2. Hospital-level variables
We include seven hospital level variables. Larger hos-
pitals might have more specialised equipment and/or staff
and so, as a  proxy for the size of the hospital, we included
the hospital’s number of acute beds. We  proxy capacity
constraints using the percentage of acute beds occupied
through the year. Dummies reflect whether the hospi-
tal was a teaching hospital, a  specialist hospital, and/or a
hospital located in the London area. We  account of the pro-
portion of hospital income derived from PbR in each fiscal
year.
4. Results
4.1. Descriptive statistics
Figs. 1–3 present annual mortality and 28-day uncon-
ditional readmission rates and trends in LoS for each
condition. In-hospital mortality fell from 27.7% in 2002/3
to  22.8% in  2007/8 for stroke patients, while the 28-day
readmission rate increased from 6.0% to 7.5%. For hip
replacement patients, mortality fell  from 4.0% to 3.2% and
the readmission rate increased slightly from 7.5% to  7.7%.
Mortality for hernia repair patients remained at a  very low
level throughout the period, falling from 0.18% to 0.15%,
while the 28-day readmission rate increased slightly from
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Fig. 1. Rates of mortality and, 28-day readmission rates and LoS for stroke
patients, 2002/03–2007/08.
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Fig. 2. Rates of mortality and 28-day readmission and LoS for hip replace-
ment  patients, 2002/03–2007/08.
1.7% to 2.0%. Average LoS for stroke patients fell from 27.6
days in 2002/3 to 21.5 in  2007/8, and it fell from 16.4 to 12.7
for patients having a  hip replacement. 44.8% of patients
having a hernia repair were treated on a  day case basis in
2002/3, increasing to 59.3% in  2007/8.
4.1.1. Stroke descriptives
Descriptive statistics for the stroke patients for the
pooled six-year period 2002/03–2007/08 are in Table 1a.
Over the six year period, 480,113 stroke patients were
admitted to hospital, the annual number falling from
80,815 in 2002/3 to 78,546 in 2007/8. Average age at admis-
sion was 75 years, 47% of patients were male, 9% had
pneumonia, 13% suffered intracerebral haemorrhage, 55%
had a cerebral infarction and for 32% the type of stroke was
unspecified (ICD10 I64). The majority (94%) were admit-
ted as emergencies, with 28% being transferred between
hospitals. 12% of admissions occurred on Saturday and on
Sunday, with around 15% admitted on every other day of
the week. 4.9 separate diagnoses were recorded and 0.7
procedures performed per patient.
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Fig. 3. Rates of mortality, 28-day readmission and overnight stays for
hernia patients, 2002/03–2007/08.
4.1.2. Hip replacement descriptives
Descriptive statistics for the hip replacement patients
for the six-year period 2002/03–2007/08 are in Table 1b.
In total 496,334 people had a  hip replacement, the num-
ber rising from 75,225 in 2002/3 to  91,314 in 2007/8, a
clear reflection of the priority afforded to  people previously
waiting for long periods before being treated [15].
The average age was  73 years, 33% of patients were male,
29% had a  partial hip replacement and 12% were undergo-
ing a  revision procedure. 37% of patients were admitted as
emergencies and 15% were transferred between hospitals.
The average patient had 3.7 separate diagnoses recorded
and underwent 2.5 procedures.
The way  that hospitals schedule hip replacement activ-
ity is  reflected in variations in the proportions admitted
across the week. Patients are most likely to be admitted
on Monday to  Thursday (16–18% daily) and are much less
likely to be admitted on Friday (11%), Saturday (6%) or  Sun-
day (12%).
4.1.3. Hernia repair descriptives
Table 1c shows that 413,712 people had a hernia repair
during the six year period, the annual number remaining
stable at around 69,000 a  year (see Martin et al. [24] for fig-
ures for individual years). Less than 0.2% of patients died in
hospital while 2% were subsequently readmitted as emer-
gencies.
The average age of a  patient was  58 years, and the vast
majority (93%) were male. Most (90%) had a  unilateral diag-
nosis, 7.5% had a  bilateral diagnosis, 12% had hypertension
and 2% had a connective tissue disorder. 10.5% had a laparo-
scopic repair, this proportion rising from 5.9% in 2002/3
to 16.3% in 2007/8. 83% of patients had a mesh implant
to encourage skin growth, the proportions increasing from
80.8% to 84.4% over time. 5%  were admitted as emergencies
and very few (<1%) were transferred between hospitals.
Only 3% of patients were admitted on Saturday or  Sunday,
with around 19% admitted on Monday to Thursday, and
16% on Friday.
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Table  1
Descriptive statistics for the variables employed in the regression models, pooled, 2002/03–2007/08.
(a) Stroke patients (b) Hip replacement patients (c)  Hernia repair patients
Variable Mean Std. Dev. Variable Mean Std. Dev. Variable Mean Std. Dev.
Patient survival
dummy
0.7490 0.4336 Patient survival
dummy
0.9630 0.1887 Patient survival
dummy
0.9984 0.0402
Patient re-admission
dummy
0.0923 0.2895 Patient
re-admission
dummy
0.0807 0.2724 Patient
re-admission
dummy
0.0192 0.1372
Length of stay (days) 24.4955 32.5012 Length of stay
(days)
14.4890 17.8088 Length of stay
(=0 if daycase,
else =  1)
0.4860 0.4998
Year  is 2002, LoS
interaction
4.6385 18.2577 Year is  2002,
LoS interaction
2.4893 9.6363 Year is 2002,
LoS interaction
0.0910 0.2876
Year  is 2003, LoS
interaction
4.3889 17.3284 Year is  2003,
LoS interaction
2.5188 9.4656 Year is 2003,
LoS interaction
0.0922 0.2894
Year  is 2004, LoS
interaction
4.2075 16.5301 Year is  2004,
LoS interaction
2.4474 9.1976 Year is 2004,
LoS interaction
0.0839 0.2772
Year  is 2005, LoS
interaction
4.0572 15.7703 Year is  2005,
LoS interaction
2.3866 8.9405 Year is 2005,
LoS interaction
0.0790 0.2697
Year  is 2006, LoS
interaction
3.6841 14.4768 Year is  2006,
LoS interaction
2.3137 8.5986 Year is 2006,
LoS interaction
0.0709 0.2567
Year  is 2007, LoS
interaction
3.5193 13.7955 Year is  2007,
LoS interaction
2.3333 8.4345 Year is 2007,
LoS interaction
0.0690 0.2535
Age  1–60 years 0.1406 0.3476 Age 1–63 years 0.1961 0.3971 Age 1–42 years 0.2054 0.4040
Age  61–70 years 0.1612 0.3677 Age 64–71
years
0.2148 0.4107 Age 43–56
years
0.2034 0.4025
Age  71–80 years 0.3062 0.4609 Age 72–77
years
0.1998 0.3999 Age 57–65
years
0.1998 0.3999
Age  81–85 years 0.1891 0.3916 Age 78–83
years
0.1948 0.3960 Age 66–74
years
0.1975 0.3981
Age  over 86 years 0.2029 0.4021 Age over 84
years
0.1945 0.3958 Age over 75
years
0.1940 0.3954
Actual age (years) 74.7919 13.4529 Actual age
(years)
73.0824 12.0018 Actual age
(years)
57.9883 18.1506
Male  0.4718 0.4992 Male 0.3346 0.4718 Male 0.9276 0.2592
Charlson index = 0 0.6094 0.4879 Charlson
index = 0
0.7224 0.4478 Charlson
index = 0
0.8891 0.3141
Charlson index = 1 0.2545 0.4356 Charlson
index = 1
0.1954 0.3965 Charlson
index = 1
0.0886 0.2841
Charlson index = 2 0.1361 0.3429 Charlson
index = 2
0.0822 0.2747 Charlson
index = 2
0.0224 0.1479
Pneumonia 0.0901 0.2864 Hip fracture
dummy
0.2963 0.4566 Inguinal
hernia:
bilateral
diagnosis
0.0750 0.2634
Intracerebral
haemorrhage
0.1328 0.3394 Partial hip
replacement
0.2898 0.4537 Inguinal
hernia: other
diagnosis
0.0328 0.1781
Cerebral infarction 0.5460 0.4979 Revision
dummy
0.1215 0.3268 Comorbid:
hypertension
dummy
0.1244 0.3300
Unspecified stroke 0.3212 0.4670 Emergency 0.3711 0.4831 Comorbid:
connective
tissue disorder
0.0225 0.1482
Emergency 0.9440 0.2298 Patient dies 0.0370 0.1887 Laparoscopic
repair
0.1047 0.3062
Patient dies 0.2510 0.4336 Transfer in 0.0280 0.1651 Presence of
implant
0.8291  0.3764
Transfer in 0.0779 0.2680 Transfer out 0.1222 0.3275 Emergency 0.0510 0.2199
Transfer out 0.1981 0.3985 No. of
diagnoses
3.6630 2.6666 Patient dies 0.0016 0.0402
Hemi/paraplegia 0.0805 0.2720 No. of
procedures
2.5393 1.1276 Transfer in 0.0029 0.0539
No.  of diagnoses 4.9203 3.0470 Transfer out  0.0039 0.0626
No.  of procedures 0.7356 1.3680 No.  of
diagnoses
1.7673 1.3363
No. of
procedures
2.2502 0.6481
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Table 1 (Continued )
IMD Quintile 1  0.2050 0.4037 IMD  Quintile 1 0.1417 0.3487 IMD  Quintile 1 0.1615 0.3680
IMD Quintile 2  0.2450 0.4301 IMD  Quintile 2 0.2232 0.4164 IMD  Quintile 2 0.2223 0.4158
IMD Quintile 3  0.2096 0.4070 IMD  Quintile 3 0.2258 0.4181 IMD  Quintile 3 0.2154 0.4111
IMD Quintile 4  0.1829 0.3866 IMD  Quintile 4 0.2162 0.4117 IMD  Quintile 4 0.2103 0.4075
IMD Quintile 5 0.1443 0.3513 IMD Quintile 5 0.1799 0.3841 IMD Quintile 5 0.1852 0.3885
IMD quintile unknown 0.0132 0.1141 IMD  unknown 0.0133 0.1145 IMD  unknown 0.0053 0.0729
Sunday admission 0.1189 0.3237 Sunday
admission
0.1214 0.3266 Sunday
admission
0.0310 0.1733
Monday admission 0.1593 0.3660 Monday
admission
0.1793 0.3836 Monday
admission
0.1920 0.3939
Tuesday admission 0.1537 0.3607 Tuesday
admission
0.1765 0.3813 Tuesday
admission
0.1941 0.3955
Wednesday admission 0.1488 0.3559 Wednesday
admission
0.1825 0.3862 Wednesday
admission
0.1941 0.3955
Thursday admission 0.1488 0.3559 Thursday
admission
0.1652 0.3713 Thursday
admission
0.1997 0.3998
Friday admission 0.1478 0.3549 Friday
admission
0.1111 0.3143 Friday
admission
0.1632 0.3695
Saturday admission 0.1228 0.3282 Saturday
admission
0.0640 0.2448 Saturday
admission
0.0259 0.1589
Christmas admission 0.0046 0.0679 Christmas
admission
0.0026 0.0507 Christmas
admission
0.0002 0.0152
Easter admission 0.0051 0.0713 Easter
admission
0.0034 0.0579 Easter
admission
0.0010 0.0315
Bank holiday
admission
0.0098 0.0984 Other bank
holiday
admission
0.0104 0.1013 Other bank
holiday
admission
0.0028 0.0532
No.  of acute beds 767.3817 397.2963 No. of acute
beds
718.9439 388.9446 No. of acute
beds
743.4867 378.7677
Bed  occupancy rate 0.8515 0.0566 Bed occupancy
rate
0.8434 0.0621 Bed occupancy
rate
0.8523 0.0572
Teaching hospital 0.1725 0.3778 Teaching
hospital
0.1291 0.3354 Teaching
hospital
0.1543 0.3613
Specialist hospital 0.0018 0.0429 Specialist
hospital
0.0396 0.1949 Specialist
hospital
0.0013 0.0367
London hospital 0.1239 0.3295 London
hospital
0.1040 0.3053 London
hospital
0.1287 0.3349
FCEs  s.t. PbR rate 0.3036 0.3605 FCEs s.t. PbR
rate
0.3314 0.3654 FCEs s.t. PbR
rate
0.3101 0.3641
Year is 2002 0.1683 0.3742 Year is  2002 0.1516 0.3586 Year is  2002 0.1649 0.3711
Year is 2003 0.1680 0.3739 Year is  2003 0.1625 0.3689 Year is  2003 0.1709 0.3764
Year is 2004 0.1684 0.3742 Year is  2004 0.1629 0.3693 Year is  2004 0.1660 0.3721
Year is 2005 0.1682 0.3740 Year is  2005 0.1667 0.3727 Year is  2005 0.1660 0.3721
Year is 2006 0.1635 0.3698 Year is  2006 0.1724 0.3777 Year is  2006 0.1625 0.3689
Year is 2007 0.1636 0.3699 Year is  2007 0.1840 0.3875 Year is  2007 0.1698 0.3754
Notes: (i) the sample size is 480,113 patients for stroke, 496,334 for hip replacement, and 413,712 for hernia repair; and (ii) the patient readmission dummy
is  conditional on survival.
4.1.4. Hospital descriptives
The hospital descriptive statistics vary slightly by con-
dition but in the interests of brevity we focus on those for
stroke patients here (see Table 1a). The average number of
acute beds per hospital was 767. Average bed occupancy
rate was 85%, ranging from 62% to 100%. Just over 17% of
patients were in a  teaching hospital and 12% were in  a Lon-
don hospital. In  2003/04 just under 2% of hospital activity
was subject to PbR and this had increased to  76% by  2007/8.
4.2. Regression analysis
4.2.1. Stroke
The pooled regression results for stroke patients are
in Table 2. The first two columns (labelled (1) and (2))
of Table 2 report the average marginal effect and the
standard error associated with variables present in the pro-
bit survival model. In-hospital mortality following stroke
improved year-on-year between 2002/3 and 2007/8 as
indicated in Fig. 1 and by the positive time trend on the
year coefficients in Table 2 for the model predicting survival
following stroke.
Older people are less likely to survive, as are women.
There is  also a  higher probability of dying for patients
admitted as emergencies (which is the majority at 94%),
for patients with Charlson comorbidities, if the patient suf-
fered from pneumonia or intracerebral haemorrhage or
unspecified stroke (the reference group being those with
a cerebral infarction), perhaps because the patient died
before an accurate diagnosis was made. This is consistent
with survival being positively related to  the numbers of
diagnoses and procedures, with survival determining these
numbers rather than vice versa.
Patients living in  the most affluent areas have a higher
probability of survival. As other studies have  demonstrated
(e.g. Hauck and Zhao [17]), the probability of dying is
significantly higher for stroke patients admitted over the
weekend and for those admitted over the Christmas and
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Table  2
Survival and readmission results for stroke spells, 2002/03–2007/08 pooled.
(1) (2) (3)  (4) (5)  (6)
Variables Sample
selection
model probit
survival for
stroke spells
2002/03–2007/08
average
marginal effect
Sample
selection
model probit
survival for
stroke spells
2002/03–2007/08
standard error
Sample
selection
model probit
readmission for
stroke spells
2002/03–2007/08
average
marginal effect
Sample
selection
model probit
readmission for
stroke spells
2002/03–2007/08
standard error
No sample
selection probit
readmission for
stroke spells
2002/03–2007/08
average
marginal effect
No sample
selection probit
readmission for
stroke spells
2002/03–2007/08
standard error
Patient level variables
Length of stay (days) −0.0002*** [0.000] −0.0000 [0.000]
year2003,  LoS
interaction
0.0001 [0.000] 0.0000 [0.000]
year2004,  LoS
interaction
0.0001 [0.000] 0.0001 [0.000]
year2005,  LoS
interaction
0.0001 [0.000] 0.0001 [0.000]
year2006, LoS
interaction
−0.0000 [0.000] −0.0000 [0.000]
year2007,  LoS
interaction
0.0001 [0.000] 0.0001* [0.000]
Age  1–60 years 0.0524*** [0.003] 0.0040 [0.003] 0.0107*** [0.002]
Age  71–80 years −0.0745*** [0.002] 0.0135*** [0.003] −0.0055*** [0.001]
Age  81–85 years −0.1531*** [0.003] 0.0362*** [0.006] −0.0081*** [0.001]
Age  over 86 years −0.2454*** [0.004] 0.0540*** [0.009] −0.0165*** [0.002]
Male  0.0316*** [0.001] −0.0072*** [0.002] 0.0023** [0.001]
Charlson  index = 1 −0.0584*** [0.002] 0.0237*** [0.003] 0.0036*** [0.001]
Charlson  index = 2 −0.1663*** [0.003] 0.0321*** [0.007] −0.0102*** [0.001]
Pneumonia −0.4339*** [0.005] 0.1024*** [0.018] −0.0365*** [0.001]
Intracerebral
haemorrhage
−0.2335*** [0.004] 0.0897*** [0.011] 0.0030 [0.002]
Unspecified  stroke −0.1015*** [0.005] 0.0297*** [0.004] −0.0006 [0.001]
Emergency  −0.0747*** [0.008] 0.0488*** [0.009] 0.0176*** [0.004]
Transfer  in −0.0065 [0.006] 0.0245** [0.009] 0.0108* [0.004]
Transfer  out 0.0296*** [0.008] 0.0525*** [0.007]
Hemi/paraplegia 0.0223*** [0.005] −0.0110** [0.004] −0.0048* [0.002]
No.  of diagnoses 0.0107*** [0.001] 0.0014* [0.001] 0.0024*** [0.000]
No.  of procedures 0.0046*** [0.001] −0.0005 [0.001] −0.0001 [0.001]
IMD  Quintile 2 0.0019 [0.002] −0.0063* [0.002] −0.0039** [0.001]
IMD  Quintile 3 0.0047 [0.003] −0.0153*** [0.003] −0.0088*** [0.002]
IMD  Quintile 4 0.0034 [0.003] −0.0185*** [0.003] −0.0108*** [0.002]
IMD  Quintile 5 (least
deprived)
0.0111** [0.003] −0.0243*** [0.003] −0.0127*** [0.002]
IMD  Unknown 0.0495*** [0.007] −0.0932*** [0.008] −0.0474*** [0.004]
Sunday  admission −0.0004 [0.002]
Monday admission 0.0205*** [0.002]
Tuesday admission 0.0185*** [0.002]
Wednesday admission 0.0175*** [0.002]
Thursday admission 0.0132*** [0.002]
Friday admission 0.0148*** [0.002]
Christmas admission −0.0328*** [0.009]
Easter admission −0.0218** [0.008]
Other bank holiday
admission
−0.0218*** [0.006]
Hospital level variables
No. of acute beds 0.0000 [0.000] 0.0000* [0.000] 0.0000* [0.000]
Bed  occupancy rate −0.0049 [0.046] 0.0177 [0.043] 0.0006 [0.026]
Teaching  hospital 0.0195** [0.006] −0.0076 [0.007] −0.0002 [0.005]
Specialist  hospital 0.0652** [0.021] −0.0096 [0.021] 0.0052 [0.009]
London  hospital 0.0275*** [0.007] 0.0111 [0.008] 0.0121* [0.005]
FCEs  s.t. PbR rate 0.0051 [0.008] −0.0077 [0.008] −0.0033 [0.005]
year2003  0.0089*** [0.002] 0.0020 [0.004] 0.0031 [0.002]
year2004  0.0177*** [0.003] 0.0032 [0.006] 0.0062* [0.003]
year2005  0.0239*** [0.004] 0.0067 [0.007] 0.0097* [0.004]
year2006  0.0290*** [0.005] 0.0147 [0.009] 0.0167** [0.006]
year2007  0.0299*** [0.006] 0.0076 [0.008] 0.0132** [0.005]
Observations 480,113 480,113 480,113
Notes: (i) *** p < 0.001, ** p < 0.01, * p <  0.05; (ii) rho =  −0.425 (SE =  0.056); (iii) Wald test of in dep. eqns. (rho = 0): chi2(1) =  42.79 Prob >  chi2 =  0.0000; (iv) all
standard errors are estimated with clustering by hospital.
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Easter holiday periods as well as on other Bank Holidays.
The probability of survival is  higher for patients treated in
teaching, specialist and London hospitals but the propor-
tion of activity subject to  PbR does not affect the probability
of survival.
Having conditioned on the probability of surviving the
original hospital admission, column 3 of Table 2 reports
the average marginal effect of those factors associated
with the probability of being readmitted within 28 days
of discharge. This probability increases with age and is
slightly higher for women than men. There is  a  clear socio-
economic gradient, with the probability of readmission
decreasing as income deprivation falls: for those patients
living in the least deprived areas the probability is 0.0243
lower than for someone living in the most deprived areas
(ceteris paribus).
The probability of readmission is also higher for peo-
ple with more Charlson co-morbidities, for those with a
diagnosis of pneumonia or intracerebral haemorrhage or
unspecified stroke, and for those originally admitted as
emergencies or who were subject to a hospital transfer. The
number of diagnoses recorded during the original admis-
sion tend has a  significant positive effect on the probability
of readmission. Those originally admitted to larger hospi-
tals have a higher probability of readmission. The average
marginal effect is  very small, the probability increasing by
only 0.0000166 for each extra acute bed.
Fig. 1  and the model without sample selection (column
5 of Table 2) suggest an increasing trend in  readmissions
over time. But this is (in part) driven by  improvements in
survival. When these are taken into account, the increase in
the probability of being readmitted in 2007/08 compared
to 2002/3 is no longer significant.
In keeping with the “quicker and sicker” argument,
patients with a  longer LoS are less likely to be subsequently
readmitted, even having conditioned on the probability
of surviving the original admission (AME = −0.0002285).
Notably, this significant effect is  not identified unless sam-
ple selection is accounted for. The interaction terms of LoS
and year were not significant, indicating that the relation-
ship between LoS and the probability of readmission has
not been affected by  general reductions in LoS.
4.2.2. Hip replacement
Survival following hip replacement has improved over
time, with in-hospital mortality falling from 4.0% in  2002/3
to 3.2% in 2007/8, as shown in  Fig. 2.  Unlike for stroke,
survival proved unrelated to the day of admission, ren-
dering the proposed identification strategy invalid for
this condition. Consequently, readmissions following hip
replacement are reported in  Table 3 without conditioning
on survival.
Older patients and men  face a higher probability of
being readmitted within 28 days of discharge. There is
also a socio-economic gradient, with those from the most
deprived communities facing a  higher probability of read-
mission. The probability of readmission is also higher for
those originally admitted as an emergency, for those with a
non-severe Charlson co-morbidity and with more recorded
diagnoses. The probability is lower for those who  suffered
a hip fracture but higher for those who had a revision.
Table 3
Readmission results for hip replacement spells, 2002/03–2007/08 pooled.
(1) (2)
Variables No sample
selection probit
readmission for
hip  spells
2002/03–2007/08
average
marginal effect
No sample
selection probit
readmission for
hip  spells
2002/03–2007/08
standard error
Patient level variables
Length of stay (days) −0.0000 [0.000]
year2003, LoS  interaction −0.0001 [0.000]
year2004, LoS  interaction 0.0000 [0.000]
year2005, LoS  interaction 0.0000 [0.000]
year2006, LoS  interaction −0.0000 [0.000]
year2007, LoS  interaction 0.0002* [0.000]
Age 1–63 years −0.0064*** [0.001]
Age  72–77 years 0.0075*** [0.001]
Age 78–83 years 0.0149*** [0.001]
Age over 84 years 0.0195*** [0.002]
Male 0.0116*** [0.001]
Charlson index = 1 0.0144*** [0.001]
Charlson index = 2  −0.0106*** [0.002]
Hip  fracture dummy  −0.0276*** [0.002]
Partial hip replacement DV −0.0072*** [0.002]
Revision dummy  0.0237*** [0.002]
Emergency 0.0467*** [0.002]
Transfer in 0.0109 [0.007]
Transfer out 0.0020 [0.006]
No.  of diagnoses 0.0019*** [0.000]
No. of procedures 0.0001 [0.001]
IMD  Quintile 2 −0.0040** [0.001]
IMD  Quintile 3 −0.0090*** [0.001]
IMD  Quintile 4 −0.0144*** [0.002]
IMD  Quintile 5 −0.0133*** [0.002]
IMD  Unknown −0.0507*** [0.004]
Hospital level variables
No. of acute beds 0.0000 [0.000]
Bed  occupancy rate −0.0258 [0.016]
Teaching hospital 0.0014 [0.004]
Specialist hospital −0.0048 [0.007]
London hospital −0.0041 [0.003]
FCE s.t.  PbR rate −0.0004 [0.004]
year2003 0.0010 [0.002]
year2004 0.0007 [0.003]
year2005 0.0021 [0.003]
year2006 0.0059 [0.004]
year2007 −0.0018 [0.004]
Observations 496,334
Notes: (i) *** p < 0.001, ** p  < 0.01, * p <  0.05; (ii) standard errors are estimated
with clustering by hospital.
No hospital characteristics are related to  the probability
of readmission.
Readmission rates exhibit no significant temporal trend
and there is  no association between LoS and readmission.
4.2.3. Hernia repair
Given that the likelihood of dying in hospital is so low
following admission for hernia repair, it proved unnec-
essary to account for the probability of survival when
analysing readmissions. As reported in Table 4, the proba-
bility of readmission increases with age, is  greater for men,
and is  higher for people living in  areas of greater income
deprivation, for those originally admitted as an emer-
gency and for those with more diagnoses and procedures.
S. Martin et al. /  Health Policy 120 (2016) 89–99 97
Table  4
Readmission results for hernia repair spells, 2002/03–2007/08 pooled.
(1) (2)
Variables No sample
selection probit
readmission
for hernia spells
2002/03–2007/08
average
marginal effect
No sample
selection probit
readmission
for hernia spells
2002/03–2007/08
standard error
Patient level variables
Length of stay (=1 if
overnight, else =  0)
0.0304*** [0.002]
year2003, LoS interaction −0.0003 [0.003]
year2004, LoS interaction −0.0005 [0.003]
year2005, LoS interaction −0.0037 [0.002]
year2006, LoS interaction 0.0005 [0.003]
year2007, LoS interaction −0.0003 [0.002]
Age 1–42 years 0.0009 [0.001]
Age 57–65 years 0.0013 [0.001]
Age 66–74 years 0.0046*** [0.001]
Age  over 75 years 0.0114*** [0.001]
Male 0.0033*** [0.001]
Charlson index = 1 0.0013 [0.001]
Charlson index = 2 −0.0035*** [0.001]
Inguinal hernia: bilateral
diagnosis
0.0019** [0.001]
Inguinal hernia: other
diagnosis
−0.0015 [0.001]
Comorbidity: hypertension
dummy
−0.0031*** [0.001]
Comorbidity: connective
tissue issue
−0.0023* [0.001]
Laparoscopic repair −0.0001 [0.001]
Presence of implant −0.0029*** [0.001]
Emergency 0.0145*** [0.001]
Transfer in 0.0037 [0.003]
Transfer out 0.0082** [0.003]
No. of diagnoses 0.0025*** [0.000]
No. of procedures 0.0011*** [0.000]
IMD  Quintile 2 −0.0034*** [0.001]
IMD  Quintile 3 −0.0037*** [0.001]
IMD  Quintile 4 −0.0057*** [0.001]
IMD  Quintile 5 −0.0058*** [0.001]
IMD  Unknown −0.0110*** [0.001]
Hospital level variables
No. of acute beds 0.0000 [0.000]
Bed occupancy rate 0.0001 [0.006]
Teaching hospital 0.0005 [0.001]
Specialist hospital −0.0006 [0.004]
London hospital −0.0023** [0.001]
FCEs s.t. PbR rate −0.0019 [0.002]
year2003 0.0014 [0.003]
year2004 0.0042 [0.003]
year2005 0.0097** [0.004]
year2006 0.0060 [0.003]
year2007 0.0079* [0.003]
Observations 413,712
Notes: (i) *** p < 0.001, ** p <  0.01, * p  < 0.05; (ii)  standard errors are estimated
with clustering by hospital.
Compared to those with a unilateral or unspecified inguinal
hernia, the likelihood of readmission is higher for those
with a bilateral inguinal hernia diagnosis but lower for
those with a diagnosis of hypertension, connective tissue
disorder and those who had a  mesh implant.
Of the hospital level  variables, only admission to  a  Lon-
don hospital has a  significant effect on the probability of
readmission and this is  a negative effect. There is no clear
trend in  readmission rates over time.
Those patients who  had an overnight stay were sig-
nificantly more likely to be readmitted (AME =  0.0304),
a finding which appears to contradict the “quicker and
sicker” argument. This might be because overnight cases
are more complex/severe than day cases and that our meas-
ures of severity/complexity do not fully capture this.
5. Discussion
Hospitals under pressure to reduce costs may  do so
by  reducing LoS, which might have a  knock-on adverse
effect on quality, one measure of which is  emergency
readmission within 28 days of discharge. Previous stud-
ies have not found a definitive relationship between LoS
and subsequent readmission, but those analyses have  suf-
fered a  weakness in  not  conditioning on the probability
that patients survive the initial admission. We  rectify this
deficiency by adopting the empirical strategy proposed by
Laudicella et al. [14], to analyse three conditions that dif-
fer markedly in terms of their baseline LoS, mortality and
readmission rates. The strategy involves analysing read-
mission by first conditioning on the probability of surviving
the original admission, and requires identifying a variable
that explains survival but not readmission. Laudicella et al.
suggest using weekend admission as an identifying vari-
able, as this is  predictive of surviving the original admission
but not  of whether or not the patient will be subsequently
readmitted.
Laudicella et al. applied their approach to those who  suf-
fered hip fracture and similarly we found that, for stroke
patients, survival is significantly lower for those admit-
ted on weekends (or over Christmas, at Easter, or on
another public holiday) than for those admitted on week-
days. Hence, we were able to employ the same strategy as
Laudicella et al. [14] in  analysing readmissions for stroke
patients. The greater mortality risk associated with week-
end admission following stroke adds to the evidence from
other studies that the quality of treatment for some acute
admissions is  sensitive to the availability of appropriate
staff [17]. Stroke patients require immediate diagnosis and
appropriate treatment (e.g. to thin or thicken the blood) if
their survival chances are not to be adversely affected. Thus
we would expect to see a  ‘weekend effect’ for conditions
where rapid treatment is  important.
In contrast, the survival of hip replacement and hernia
repair patients will not  be materially affected if appropriate
treatment is not  undertaken on the day of admission and,
accordingly, we find no  weekend effect for these patients.
This means that the Laudicella et al. identification strategy
cannot be  employed in order to condition on survival in
analysing readmissions and further research is required to
identify valid exclusion restrictions. For those treatments
where mortality is  very low, such as hernia repair, it is
unnecessary to control for survival when estimating read-
missions. For both hip replacement and hernia repair, we
report readmission results that do  not condition on sur-
vival.
The fact that, for some conditions, weekend admis-
sion is associated with higher mortality risk is of policy
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concern in its own right, leading to  calls that hospitals
offer a more comprehensive seven-day service of the same
quality throughout the week [25]. This implies increasing
weekend cover, with more senior doctors on duty, together
with a full range of diagnostic and support services [25],
though questions have been raised about whether this is
the most cost-effective way to  reduce in-hospital mortality
[26].
For none of the conditions did we  find that reductions in
LoS across the period as a  whole were related to an increase
in the probability of readmission. However, and consistent
with the “quicker and sicker” argument, the probability of
readmission was greater for stroke patients who originally
had a shorter LoS, this probability remaining unchanged in
the face of reductions in  LoS. Of importance analytically,
it is notable that this significant relationship between LoS
and readmission was only evident after conditioning on the
probability of surviving the original admission–the model
without sample selection suggests no relationship between
readmission and LoS of the original admission. The fact that
this insight would otherwise be missed provides further
support for the Laudicella et al. approach in  analysing read-
missions to hospitals. The policy importance of this finding
is that reductions in  LoS in  excess of general trends for
stroke patients may  have adverse consequences on health
status, increasing the risk of subsequent readmission. In
view of this, it  may  be unwise to exert excessive pressure
to reduce LoS for these patients.
We found no relationship between LoS and readmis-
sion for patients who had hip replacement, even though
there was a 22% reduction in  average LoS for such patients
over the period. In contrast to  “quicker and sicker” expec-
tations, those hernia repair patients who originally had an
overnight stay were more likely to be readmitted. That
said the LoS and year interaction terms do not suggest
that trends towards undertaking more of this activity on
a day case basis were generally associated with increases
in readmissions.
The probability of readmission is  higher for men  and
increases with age and severity or  complexity. There is also
a significant deprivation gradient associated with the prob-
ability of readmission for all three conditions, with patients
from more affluent areas less likely to be  readmitted to
hospital. This finding may  reflect local socio-economic con-
ditions, including income, housing quality and lifestyle
choices, which are not within the control of the local health
services, but may  also be related to the availability and
quality of after-hospital care. Further research is  required
to understand why this deprivation gradient appears and to
take policy steps to reduce it, perhaps by  improving imme-
diate after-hospital care  in the most deprived areas.
We  found that no hospital characteristics were related
to the probability of readmission (although the probabil-
ity of survival following a  stroke was higher for patients
treated in teaching, specialist and London hospitals). Nor
did we find evidence that the proportion of hospital income
derived from PbR had an effect on the probability of read-
mission, a finding consistent with that of Farrar et al. [16].
This suggests that hospitals did not  react to  the progres-
sive change in their funding arrangements in  ways that
had adverse impacts on quality. There may  be  various
explanations for this, including the absence of a  trade-off
between cost and quality, price signals being weak, or hos-
pitals deliberately avoiding strategies when responding to
a different financial regime that may  have had adverse
quality consequences.
The situation observed over the study period may  no
longer obtain. On the one hand, recent developments in
hospital funding, such as best practice tariffs, have pro-
vided direct incentives to  improve quality. On  the other,
the analysis was  conducted for a  period in which overall
NHS budgets were being increased, reducing the financial
pressure on many hospitals. Nowadays budget increases
are flatter and significant productivity improvements are
being required of the health care sector; these factors may
exert negative pressure on the quality of service provision.
Continued analysis of quality will be critical in detecting
whether this pressure has had adverse implications on
quality so that corrective measures can be implemented.
Acknowledgements
We  should like to thank our  colleagues James Gaughan,
Nils Gutacker, Giuseppe Moscelli and, in particular, Anne
Mason, for their assistance with the construction of the
dataset employed in  this study. We acknowledge the
insightful suggestions of the journal’s anonymous review-
ers and editor, Zeynep Or, which have helped improve the
manuscript. This project is  a  part of Work Package 5 of
the InterQuality Project funded by the Seventh Framework
Programme for Research and Technological Development
(FP7) of the European Union. The Hospital Episode Statistics
are copyright © 2002/03 -  2007/08, re-used with the per-
mission of The Health & Social Care Information Centre; all
rights reserved. The funder had no involvement with the
research. The views expressed are  those of the authors and
not necessarily of the funder.
References
[1] Kosecoff J, et al. Prospective payment system and impairment at
discharge. The ‘quicker-and-sicker’ story revisited. Journal of the
American Medical Association 1990;264(15):1980–3.
[2] Kaboli PJ, et  al. Associations between reduced hospital length of
stay and 30-day readmission rate and mortality: 14-year experi-
ence in 129 veterans affairs hospitals. Annals of Internal Medicine
2012;157(12):837-U161.
[3] Baker DW,  et al. Trends in postdischarge mortality and
readmissions—has length of stay declined too  far? Archives of
Internal Medicine 2004;164(5):538–44.
[4] Bueno H, et al. Trends in length of stay and short-term outcomes
among Medicare patients hospitalized for heart failure, 1993—2006.
Journal  of the American Medical Association 2010;303(21):2141–7.
[5] Westert GP, et  al.  An  international study of hospital readmis-
sions and related utilization in Europe and the USA. Health Policy
2002;61(3):269–78.
[6] Morris DS, et al. The surgical revolving door: risk factors for hospital
readmission. Journal of Surgical Research 2011;170(2):297–301.
[7] Gawlas I,  et al. Readmission after pancreatic resection is  not
an  appropriate measure of quality. Annals of Surgical Oncology
2013;20(6):1781–7.
[8] Kassin MT, et al. Risk factors for 30-day hospital readmission among
general  surgery patients. Journal of the American College of Surgeons
2012;215(3):322–30.
[9] Bjorvatn A. Hospital readmission among elderly patients. European
Journal of Health Economics 2013;14(5):809–20.
S. Martin et al. /  Health Policy 120 (2016) 89–99 99
[10] Hu J, Gonsahn MD,  Nerenz DR. Socioeconomic status and read-
missions:  evidence from an urban teaching hospital. Health Affairs
2014;33(5):778–85.
[11] Nagasako EM,  et al. Adding socioeconomic data to  hospital readmis-
sions calculations may  produce more useful results. Health Affairs
2014;33(5):786–91.
[12] Kangovi S, Grande D.  Hospital readmissions—not just a  mea-
sure of quality. Journal of the American Medical Association
2011;306(16):1796–7.
[13] Kansagara D, et al. Risk prediction models for hospital readmission:
a  systematic review. Journal of the American Medical Association
2011;306(15):1688–98.
[14] Laudicella M, Donni PL, Smith PC.  Hospital readmission rates:
signal of failure or success? Journal of Health Economics
2013;32(5):909–21.
[15] Department of Health. Reforming NHS financial flows: introducing
payment by results. London: Department of Health; 2002.
[16] Farrar S, et al. Has payment by results affected the  way that English
hospitals provide care? Difference-in-differences analysis. British
Medical Journal 2009;339:b3047.
[17] Hauck K, Zhao XY. How dangerous is a day in hospital? A model of
adverse events and length of stay for medical inpatients. Medical
Care 2011;49(12):1068–75.
[18] National Centre for Health Outcomes Development. Emergency
readmissions to hospital within 28 days of discharge. Indicator spec-
ification document. Prepared 10 November 2011. Compendium of
Population Health indicators. Leeds: NHS Information Centre for
Health and Social Care; 2011.
[19] Office of the Deputy Prime Minister. The  English indices of depri-
vation 2004 (revised). London: Her Majesty’s Stationary Office;
2004.
[20] Charlson ME, et al. A new method of classifying prognostic comor-
bidity in longitudinal studies: development and validation. Journal
of  Chronic Diseases 1987;40(5):373–83.
[21] Quan H, et al. Coding algorithms for defining comorbidities
in ICD-9-CM and ICD-10 administrative data. Medical Care
2005;43(11):1130–9.
[22] Street A, et al. How well do Diagnosis Related Groups explain
variations in costs or length of stay among patients and across
hospitals? Methods for analysing routine data. Health Economics
2012;S21:6–18.
[23] Christensen MC, et al. Acute treatment costs of intracerebral
hemorrhage and ischemic stroke in Argentina. Acta Neurologica
Scandinavica 2009;119(4):246–53.
[24] Martin S, et  al. The impact of hospital financing on  the quality of
inpatient care in England. In: CHE research paper 105. York: Centre
for  Health Economics, University of York; 2014.
[25] NHS Improving Quality. Every day, counts. London: NHS Improve-
ment; 2013.
[26] Meacock R, Doran T, Sutton M. What are the costs and benefits of
providing comprehensive seven-day services for emergency hospital
admissions? Health Economics 2015;24(8):907–12.
